




There are three stages of post-traumatic hypothermia: mild (36–34°C), 
moderate (34–32°C), and severe (< 32°C). This classification dif-
fers from accidental hypothermia due to the significant impact 
of injury-associated hypothermia on mortality [1]. Heat loss in 
healthy individuals at rest is around 60–75 kcal/h. In trauma pa-
tients heat loss can reach 400 kcal/h. Administering opioids and 
muscle relaxants additionally accelerates hypothermia as these 
factors inhibit shivering and therefore thermogenesis [2]. The 
likelihood of post-traumatic hypothermia depends on the sever-
ity of injuries. In minor injuries, the incidence of post-traumatic 
hypothermia does not exceed 10% [3], while among patients re-
quiring intensive care unit treatment, it reaches almost 58% [4]. 
Hypothermia increases the mortality rate by 20% in the immedi-
ate post-traumatic period [5]. In a study comparing the four-week 
survival rate of patients, the mortality rate of hypothermic patients 
is about 50% higher than in normothermic patients [6]. Patients 
with post-traumatic hypothermia also have a significantly higher 
demand for blood products, longer hospital stays and a greater 
risk of sepsis and multiorgan failure [5, 7–9]. A Tc drop is not only 
a sign that accompanies extensive trauma, but is an independent 
risk factor for mortality [10, 11].
The lack of awareness on the subject of heat loss increases the risk 
of hypothermia onset, especially in patients with severe trauma. 
The most common causes of heat loss are: insufficient thermal in-
sulation, infusion of cold fluids, and ventilating with cold gases. 
A significant cause of iatrogenic hypothermia are prolonged sur-
geries. General anesthesia impairs thermoregulatory mechanisms 
while transfusions of cold fluids, as well as open body cavities ex-
pose internal organs to temperatures in the operating room [1, 6]. 
To date, Poland does not have written recommendations and cri-
teria for treating post-traumatic hypothermia. There is also little 
data on readiness and inventory of equipment in Polish hospitals 
for the prevention and treatment of hypothermia [12].
The aim of this study was to assess the procedures and availability 
of equipment indispensable for diagnosing and treating post-trau-
matic hypothermia in ICUs, operating rooms, and adult surgical 
departments. This pilot study was conducted in the Holy Cross 
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criteria for initiating Tc monitoring and rewarming remain unstandardized. Surgery departments are not prepared to manage 
post-traumatic hypothermia.
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Intensive Care Units
All intensive care units had thermometers for measuring Tc. 58% 
(7/12) had esophageal probes and 42% (5/12) had rectal probes. Mon-
itoring of Tc in every patient with severe trauma was accomplished 
in 17% of ICUs. In 8% of ICUs, Tc was monitored only in patients 
admitted from the operating room and in another 8% of ICUs only 
in patients admitted directly from the ED. Two wards (17%) did not 
measure Tc at all. The remaining 50% of ICUs followed their own 
self authored criteria for initiating Tc measurement such as: “patient 
history”, “drop in skin temperature”, “suspicion of hypothermia”, and 
“discretion”. In 67% (8/12) of ICUs, Tc monitoring was started upon 
admission and in 17% (2/12) – at a later point but within 24 hours 
of admission. 83% of ICUs had equipment for warming patients – 
58% had convection devices (forced air), 33% had electric blankets, 
and 17% used chemical heating blankets. None of the departments 
had the capability for warming gases in a respirator. One of the ICUs 
initiated warming routinely to all injured patients upon admission to 
the ward. While 50% (6/12) of the departments initiated warming of 
patients based on a Tc measurement, 3 of them began treatment with 
a reading of < 36°C, and 3 departments warmed at < 35°C. In 25% of 
the ICUs, warming was implemented on the basis of other criteria 
– “discretion”, “interview, season of the year, coagulopathy”, “severe 
trauma, symptoms of hypothermia”. Most of the departments did 
not have standard operating protocols for measuring Tc (92%) and 
for warming patients (83%). 92% of the ICUs (11/12) claimed to pre-
warm non-blood products for infusion, with 7/12 using flow-warm-
ers and 4/12 preheating their solution containers before infusions.
Operating Rooms
During urgent surgical procedures after sustained trauma, 58% (7/12) 
of the hospitals did not monitor Tc while 1 hospital routinely mea-
sured Tc and the remaining 4 (33%) did so on an individual basis 
decided on by the anesthesiologist. Of the 5 hospitals that measure 
Tc, 4 used esophageal probes and the remaining hospital used rec-
tal probes. All of the operating rooms were equipped with rewarm-
ing devices – 33% had forced air systems, 25% had electrical blan-
kets, 17% ventilated with warmed gases and 33% had other devices 
such as warming mattresses and chemical heating blankets (Fig. 1). 
However, 4 hospitals (33%) did not warm patients in the operating 
room. Three hospitals initiated warming based on Tc – two hos-
pitals began at < 36°C and at the remaining one at Tc < 35°C. Four 
hospitals did so on their own criteria: “symptoms of hypothermia”, 
“length of operation”, “discretion”, “skin temperature, active hemor-
rhage, massive transfusions”, “patient interview, season of the year, 
coagulopathy”. Half of the ORs used flow warmers for infusing flu-
ids, 42% conducted infusions with prewarmed containers, and one 
hospital (8%) did not prewarm its fluids. Warming of patients during 
surgical procedures was recorded by the anesthesiologist in 17% of 
the hospitals and a Tc measurement was recorded in 25% of them. 
DIsCUssION
Our study indicates that the majority of surgical departments in 
the Holy Cross Province are not properly equipped to diagnose 
and treat post-traumatic hypothermia. ICUs and operating rooms 
possess the proper equipment but lack unambiguous criteria and 
standard operating protocols for treating patients with hypothermia. 
Province (1.25 million residents) which has similar climate con-
ditions to its neighboring provinces, the number of injuries only 
slightly exceeds the national average (1006 admissions to hospi-
tal/100,000 residents/year) [13], and it has an even distribution 
of medical facilities.
MeThODs
Survey forms were sent to the heads of all intensive care units and 
surgical departments in the Holy Cross Province, which receive 
injured patients transported to them by ambulance. General sur-
gery departments were selected in the pilot study as they care for 
patients of interest through Poland’s national health care system. 
Internal organ damage (chest and abdomen) and minor head in-
juries are treated by general surgery departments while injuries 
to the musculoskeletal system are treated by orthopedic depart-
ments. Thus, most patients with severe injuries who are at a high 
risk of developing post-traumatic hypothermia are mainly found 
in general surgery wards. The survey indicated that patients of in-
terest were those who required ICU admission or needed an ur-
gent laparotomy, thoracotomy or craniotomy immediately after 
admission to the hospital. 
The survey consisted of 12 single-choice questions, however 4 
questions included an open response option. The questionnaires 
were sent to all 14 adult general surgery departments and also to 
13 ICUs located in the same hospitals. The survey asked about 
equipment used for measuring core temperature, locations and 
criteria for implementing temperature measurements, along with 
equipment for rewarming and criteria for implementing the re-
warming of patients. The ICU survey additionally asked the same 
questions but pertaining to the perioperative period. Respondents 
were also surveyed about the scope of information entered into 
medical records regarding post-traumatic hypothermia. Consent 
of the bioethical commission was not deemed necessary since the 
study does not rely on data from patients’ medical records. Due to 
the small sample size, the analysis is limited to statistical descrip-
tion. Data is presented with means of frequency and percentages.
ResUlTs
Out of the 14 surgical departments, 13 completed the survey (93%) 
and 12/13 ICUs returned completed surveys (92%).
Surgical Departments
92% (12/13) did not possess a thermometer for measuring core body 
temperature. One department claimed to measure Tc exclusively 
in patients who were admitted immediately from the emergency 
department (ED). Eleven (85%) did not have the tools to rewarm 
patients. Two departments owned forced air convective warming 
devices and one of them also owned a conductive electric heat-
ing blanket. One of the departments initiated rewarming at <35°C 
while the other proceeded after “clinical signs of hypothermia”. 
Only one of the departments (8%) had a standard operating pro-
tocol for monitoring Tc and procedures for rewarming. The ma-
jority of departments – 77% (10/13) did not prewarm non-blood 
product infusions. One department owned a flow warmer and two 
departments used prewarmed bottles of solutions for infusion. 
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mia, and only 12.5% knew about the correlation of hypothermia 
with mortality in trauma [20]. In addition to supplying equip-
ment, acknowledging the problem by forming an educational 
program along with criteria and standard operating protocols 
should be the next step. The results of our study point to some 
insufficiencies and failures in the health care system, but prog-
ress in this field will only occur after becoming aware of them. 
On the basis of this single study, the need for future actions is 
made clear. This is a multi-faceted process that requires aware-
ness for improvements followed by creating local algorithms and 
assessing their results. This process is necessary for maximizing 
the effectiveness of the rescue system [21, 22].
Limitations of the study
The survey is a pilot study and results pertain to only one prov-
ince in the country. However, health care system structure and law 
regulations are common in the whole country.
CONClUsIONs
The majority of surgical departments in the Holy Cross Province 
are not prepared to handle post-traumatic hypothermia. Intensive 
care units are properly equipped but standardized protocols are 
lacking and equipment is not fully utilized. Prevention and treat-
ment of intraoperative hypothermia in victims of injuries seems 
insufficient. These findings indicate a further need to continue 
this study but encompassing all of Poland while also taking into 
account pediatric surgical wards.
The authors were unable to find any similar study pertaining to in-
ventories of thermometers for measuring Tc or rewarming equip-
ment in ICUs or surgical departments. Data of this kind has been 
found but in pre-hospital setting studies. Karlsen et al. and Hen-
riksson et al. described the availability of this type of equipment 
in ambulances in Norway and Sweden [14, 15]. Another study 
analyzed the equipment carried by mountain rescue services for 
treating victims of hypothermia [16].
The availability of thermometers and Tc measurement protocols 
in hospitals can be indirectly inferred from the percentage of pa-
tients who received such measurements. In the London trauma 
center, a screening arrival Tc was measured in 38% of patients [2]. 
Data from the national injury registers in the US and Germany 
showed that Tc is measured in 62% and 38.5% patients, respec-
tively [5, 17]. On the other hand, in the Ireland et al. study, only 
2.7% of patients admitted to the trauma center in Australia did not 
have deep temperature measured [7]. Reasons for the differences 
above, apart from the availability of equipment, may be hypother-
mia awareness and the level of staff training as well as the adopted 
recommendations and guidelines.
The differing Tc values below which ICU implement rewarming 
protocols reflect inconsistent views on the criteria for diagnosis 
of post-traumatic hypothermia. Perlman et al. indicate 36°C as the 
cut-off for diagnosing post-traumatic hypothermia, while Martin 
and Shafi accept 35°C as the cut-off in the National Trauma Data 
Bank analysis [1, 5, 11]. Meanwhile, ¼ of the ICUs do not have 
consistent criteria for implementing rewarming and 83% of ICUs 
do not have any standardized protocols for rewarming patients. 
Despite the well-known phenomenon of heat loss during surgery, 
58% of the operating blocks in the Holy Cross Province do not 
monitor Tc, and ⅓ of them do not rewarm patients. Meanwhile, 
lowering body temperature by only 1°C during surgery signifi-
cantly increases blood loss [18]. Perioperative active warming 
was also found to reduce the rate of surgical wound infections 
and complications [19]. Although post-traumatic hypothermia is 
recognized as a risk factor for mortality [11], and its prevention 
is easy and low cost, 85% of the general surgery departments do 
not actively rewarm patients. Similarly, neither do 33% of oper-
ating blocks and 17% of ICUs. It is possible that these stem from 
limited knowledge of the impact of post-traumatic hypothermia 
on mortality. In a survey study conducted among doctors and 
nurses at trauma center in Australia, only 27% of respondents 
indicated coagulopathy as a possible consequence of hypother-
Fig. 1.  Available equipment for rewarming patients in ICUs and ORs.
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